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Exploring Greener and Smarter Rail Transit Technologies
LIANG Jianying

( Director of National Innovation Center of High-speed Train)

Transportation is indispensable for urban development and connectivity, and China'’s rail transit has entered a stage of high-qual-
ity rapid development. During the '14th Five-Year Plan’ period, the State Council issued the 'Outline of the National Comprehensive
Three-dimensional Transportation Network Plan’, proposing to build the modern high-quality national comprehensive three-dimen-
sional transportation network. At the same time, under the goal of 'carbon peaking and carbon neutrality’, comprehensive transpor-
tation should achieve carbon peaking first. The rail transit equipment industry will adhere to the development concept of greenness,
smartness, and convenience, innovate technically, and provide more solutions for eco-friendly modern transportation.

Rail transit is green transportation. From the perspective of power drive modes, the development of rail transit has gone through
stages of animal-drawn, steam-powered, internal combustion engine-powered, and electrified traction. It has now entered a new
stage of hybrid drive. Electrification and hydrogenation are the future trends, characterized by achieving low-carbon or net-zero e-
missions of transportation equipment power energy systems, ultimately realizing the greening of transportation systems. To achieve
this goal, research and development should focus on the following four aspects:

First, develop intelligent new energy systems. China has abundant renewable energy such as wind and solar power, and rail
transit infrastructure and along-line spaces have sufficient resources for the development and utilization of renewable energy. The rail
transit industry is researching vehicle-to-vehicle and vehicle-to-ground collaborative energy management technologies: new energy
supply, storage, and integration technologies with existing power supply and distribution systems; green intelligent energy systems
based on multi-dimensional information integration of new energy power generation, traction power supply, and power distribution;
energy flow control strategies and energy management technologies to achieve interoperability and energy regulation between rail
transit power supply systems and new energy power supply systems.

Secondly, expand the application of clean energy. Experimental studies show that hydrogen-powered trains have high technical
feasibility, such as hydrogen-powered trams, energy storage trams, and hydrogen-powered public transportation vehicles that have
been successfully developed. In the future, hydrogen-powered metros will also be developed. According to data, by 2025, China
will have more than 1,000 hydrogen refueling stations, and the cumulative promotion of fuel-cell vehicles will exceed 150,000 u-
nits.

Thirdly, promote the application of new technologies and new materials. In terms of vehicles themselves, research on light-
weighting technologies is crucial to achieve miniaturization and integration of equipment, thereby achieving low energy consump-
tion. In terms of new materials, research on the use of new components such as silicon carbide and traction equipment made of new
materials such as permanent magnets is essential. Currently, permanent magnet high-speed trains and permanent magnet metro vehi-
cles equipped with permanent magnet new materials have been successfully developed, reducing average comprehensive energy con-
sumption by 7% to 10% .

Fourthly, place emphasis on energy recovery. Currently, technical schemes for liquid hydrogen storage and transportation and
the development of on-board liquid hydrogen systems are being conducted to explore carbon recovery, storage, utilization, and other
negative carbon technologies.

Another hallmark of future rail transit is the integration of green and smart transportation. For this purpose, it is necessary to es-
tablish a comprehensive transportation big data system and conduct research on the application of new technologies such as big data,
cloud computing, mobile internet, and artificial intelligence in the construction of the comprehensive three-dimensional transportation
network. Through new technologies such as comprehensive perception, deep interconnection, and intelligent integration, an inter-
connected, coordinated, and intelligent comprehensive transportation system that shares information, coordinates resources, and
complements advantages is established, thereby achieving mutual coordination among various system elements within the same mode
of transportation means, and interoperability and comprehensive synergy among different modes of transportation means. Smart
transportation will make people’s travel more efficient and convenient. 'One-click information release and one-stop passenger serv-
ice’ will greatly enhance the public’s travel experience of 'enjoying their journey'.

Another hallmark of smart transportation is the rapid transformation of vehicles towards intelligentization. In a more intelligent
direction, rail transit trains will integrate new technologies such as artificial intelligence. Through the digital twin technology with
multi-system coupling and multi-parameter effects, as well as an intelligent mode throughout the entire lifecycle, the intelligent brain
of trains will be constructed, enabling trains to self-perceive, self-organize, and self-decide. In addition, new transportation systems
such as unmanned driving, remote driving, and integrated aerial-ground transportation will continue to emerge and gradually enter
the daily lives of the public.

(Translated by ZHANG Liman)
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